Plant Breeding and Environment Protection by Vinko Konzumplik et al.
67
SUMMARY
Plant breeders in Croatia work on improving genetic basis of the economically 
important traits of agricultural plant species. Yield of a crop is usually among 
the most important traits. It depends on genotype of a cultivar and on 
cultural practices including pest protection. Croatia has long tradition in plant 
breeding. Croatian plant breeders have developed over 800 cultivars, many 
of them are resistant or tolerant to the most important pathogens. Genetic 
variability for efficient uptake and use of nutrients has been also found among 
cultivars of same crops. The available germplasm enables farmers to choose 
the cultivars for organic agriculture, i.e. the cultivars which have genetic 
basis for more efficient nutrients use and which require less chemicals for 
pest control. Also, breeders can use those cultivars as valuable germplasm 
for developing new cultivars.
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INTRODUCTION
Man is more and more concerned about keeping 
environment (water, soil, plant, animal) clean from 
pollution and about producing food without using 
various chemicals in the field. From plant breeders 
and geneticists is expected to develop cultivars of crop 
species which can be grown with less chemicals which 
have negative environmental impact, i.e. less chemical 
fertilizers and chemicals for pest and weed control. 
Consequently, attention has been more and more 
payed to organic farming and breeding development 
of new cultivars for such agriculture. In this paper 
the authors present the Croatian crop species and 
foreign horticulture breeding achievements, which 
can contribute to reducing the environment pollution 
and producing healthy food.
PEST RESISTANCE
Resistance to diseases, nematodes and insects is 
often among the most important breeding goals. 
The resistance can be controlled by major genes 
and, in the segregating progenies the resistant and 
susceptible genotypes can be clearly distinguished. It 
is known as qualitative, specific or vertical resistance. 
This is resistance to one or several races of a disease. 
Basic disadvantage of this type of resistance is its 
short duration. Resistance controlled by minor 
genes is inherited as a quantitative trait and, it is 
known as general, polygenic, field or horizontal 
resistance. It controls a wide spectrum of races in 
a pest population. There is a genetic interaction 
between plant and disease (Flor 1956, according Fehr, 
1987). The latter author suggested the hypothesis 
gen-for-gen, which could explain that interaction. 
According to the theory a plant having a dominant 
allele for resistance, i.e. A-, is resistant as long as the 
disease does not have recessive allele for virulence, 
i.e. a (“lock and key”). In the case of vertical resistance 
a plant resists establishment of the pathogen in its 
tissue, whereas in the case of horizontal resistance 
the plant resists growth and reproduction of the 
pathogen that becomes established. Finally, the plant 
may develop and reproduce well despite the activity 
of the pathogen, which is known as tolerance.
Regarding insect resistance there can be antibiosis 
which is the adverse effect of plant tissue used as food 
by an insect on its development and reproduction, 
nonpreference when plant characters make a cultivar 
undesirable as food to insects, and tolerance when 
cultivar grows and reproduces well despite the 
presence of insects which would damage a nontolerant 
plant (Fehr, 1987).
CROP SPECIES
Croatian plant breeders have developed about 800 
cultivars of various crop and vegetable species 
(Kozumplik and Martiniæ, 2001). The cultivars have 
been grown in Croatia and abroad.
In the breeding programs, considerable attention 
has been payed to pest resistance. The Croatian 
breeders have been successful in developing pest 
resistant maize, wheat, winter and spring barley, 
spring oat, soybean, sunflower, sugar beet, potato 
and tobacco cultivars (Tab. 1). The resistant or 
tolerant cultivars and inbreds are listed in tables 
2-6. This germplasm has been used in commercial 


















































































Table 1. Number of domestic cultivars resistant or tolerant to 
the most important pests
Agric. conspec. sci. Vol. 69 (2004) No. 2–3
PLANT BREEDING AND ENVIRONMENT PROTECTION 69 
Table 2. Domestic maize hybrids and inbreds resistant/
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Table 4. Domestic barley and oat cultivars resistant/tolerant to 




































































































Table 5. Domestic soybean and sunflower cultivars resistant/
tolerant to the most important pests
FRUIT AND GRAPEVINE
Croatian fruit growing and viticulture, with few 
exceptions, is based upon cultivars introduced from 
abroad. For major fruit species such as grapevine, 
apple, peer, plum, strawberry, etc. cultivars used are 
fairly old. Even though the selection of the cultivar 
is determined by many factors, suitability for organic 
farming is getting more and more important.
Apple: There are already cultivars sufficiently tolerant 
to the most important leaf and fruit diseases, available 
for apple production in the EU countries. The Vf 
gene of the resistance to the apple scab (Venturia 
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to the resistance against the most important diseases 
are carrying out in the USA, England, Germany, 
France, the Netherlands, Czech Republic, Poland, 
Romania and Russia.
Pear: Fire blight (Erwinia amylovora) caused 
enormous damages in pear plantations in Croatia 
during last years. Curative treatment measures are 
ineffective beacuse it is caused by the bacteriosis. 
Thus, the appropriate solutions are healthy planting 
material and resistant cultivars. Few older and some 
more recent cultivars of pear (Pyrus communis) like 
Alexander Lucas, Tyson, Seckel, Maxine, Harrow 
Delight, Harrow Sweet, Moonglow and Magness 
demonstrate moderate tolerance to fire blight (Bell et 
al., 1996). Interspecies hybridization with genotypes 
of Pyrus pyrifolia resulted in resistant cultivars Le 
Conte, Kieffer and Garber, and newer Gourment and 
Honeysweet, but their quality is lower. However, 
there are large number of resistant Chinese cultivars 
carrying the resistance genes originating from Pyrus 
ussuriensis that might serve as a source of resistance 
in the future breeding programs.
Plums: The main limiting factor in the plum 
production in Croatia, as well as in the great part 
of Europe is a virus caused disease - PPV (sharka). 
Similarly to fire blight in pears, the only solution 
are resistant cultivars and laboratory tested healthy 
planting material (virus-tested). Polygene control of 
this resistance was reported in several studies which 
is in accordance with fact that available cultivars 
demonstrate a different level of tolerance. Among 
these relatively tolerant cultivars is cv. Stanley which 
is very popular in Croatia. Recently, qualitative genes 
that may demonstrate total resistance to some races 
of virus are reported. It seems that hybridization 
of resistant cultivars like Scoldus No. 1 and Zh’lta 
Butilcovidna could result in obtaining genotypes of 
satisfying resistance (Rankoviæ et al., 1994). Hartmann 
(1991) reported on resistant clones of the cultivar 
Buehler Fruezwetsche suggesting control by single 
gene of great effect for PPV resistance. However, 
the majority of cultivars with horizontal type of 
resistance, especially in dry years, show insufficient 
level of tolerance. Cv. Jojo (Stanley x Ortenauer) was 
registered in Germany in 1999 as a new cultivar with 
declared total resistance to PPV. Cv. Jojo performs very 
well regarding important economic traits (self-fertility, 
early-maturing, high crop yield and quality). In the 
serial of trials with artificial and natural infection 
over many years it demonstrated the total resistance 
to PPV (Hartmann and Petruschke, 2000).
Grapevines: Grapevine is being ahead of all other 
cultivated crops in term of consumption of the plant 
protection chemicals. Development of grapevine 
cultivars resistant to the most important diseases 
of leaf and bunch, by retaining quality in the same 
time, is very prospective task. Almost all of more 
Table 6. Domestic sugar beat, potato and tobacco cultivars 




























































inequalis) was originally introduced by hybridization 
from wild species Malus floribunda, and today there 
are available cultivars carrying that gene such as 
Prima, Priscilla, Sir Prize, Jonafree, Redfree, Dayton. 
Later on, it was discovered existence of many races of 
the Venturia inequalis, requiring different resistance 
genes that were symbolized according to the sources 
they were discovered from (Vm, Vr, Vbj, Vb, Va). 
Recently released American cultivars like Liberty and 
Williams posess complex resistance based on a large 
number of resistance genes to different races of V. 
inaequalis, as well as other diseases like fire blight 
(Erwinia amylovora), and mildew (Podosphaera 
leucotricha) (Crosby et al., 1992). New German 
cultivars Remo, Reanda and Rewena demonstrate 
multiple resistance to different diseases and some 
pests, and resistance to low temperatures and frost 
(Fisher et al., 1997). Intensive apple breeding programs 
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than 140 cultivars from Croatian national variety 
list manifest more or less susceptibility to the 
economically most important diseases (powdery and 
downy mildew, botrytis). This is the matter of only 
European or “noble” vines (Vitis vinifera L.). Breeders 
have on disposal the great number of resistance 
genes from wild species from America and Asia, 
but due to traditional explicitness of International 
Office of Vine and Wine (O.I.V.) the leading wine 
producing countries, where Croatia belongs too, have 
incorporated to their wine laws the ban of “non-
vinifera” species to be used for wine production. In 
spite of this, during the several years in Europe exist 
several breeding programs that resulted in cultivars 
demonstrating the great tolerance to the most 
important diseases and requiring the minimal level 
of chemical protection, retaining the high quality of 
grapes. Resistant cultivars, due to ecological reasons, 
are expected to take greater production share in close 
future, and the legislative might, respectively, change 
especially for the fact that the resistant cultivars of 
new generation are not inferior to the quality of the 
cultivars with 100% Vitis vinifera origin. The cultivars 
Regent, Phoenix, Sirius and Merzling, were registered 
in Germany in the “vinifera” category despite the 
small share of the genes originated from the wild 
genomes. These are considered as perspective and are 
gradually spreading in Germany and Austria (Ambrosi 
et al., 1998). New cultivars Panonia and Morava 
created at the Faculty of Agriculture in Novi Sad, 
besides high resistance to the most important diseases 
of leaf and bunch prooved also high level of frost 
tolerance, making them appropriate for production in 
conditions of continental climate with strong winters 
(Cindriæ, personal communication).
FERTILIZATION
In year 2000 about 10.000.000 t of organic fertilizers 
were produced in Croatia (Posavi, 2000). Within last 
ten years production of organic fertilizers decreased 
because of a decreasing number of domestic 
animals. 
Application of chemical fertilizers indicates the 
intensity of agricultural production. Highest average 
rate of fertilization in Croatia in 2000 was 550 
kg of mineral fertilizers per ha of arable land at 
Požeško-slavonska County. At the same time, average 
consumption of chemical fertilizers at Lièko-senjska 
and Primorsko-goranska County was below 20 kg/ha 
of arable land (Tab. 7).
Fate of nitrogen added with chemical fertilizers 
is dependant on many agro-ecological factors, i.e. 
precipitation, air humidity, soil and air temperatures, 
etc. Leaching of nitrogen is conditioned by 
fertilization rate, soil properties, intensity and 
amount of precipitation, crop type and stage of 
development, etc. In October 2001 at the Second 
International Nitrogen Conference in Washington 
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it was concluded that:
- efficiency of nitrogen use need to be improved 
within the existing technologies,
- increasing the nitrogen use efficiency should increase 
profitability and decrease the environment pollution 
(Galloway and Cowling, 2001).
Leaching phosphorus from agricultural soils seems 
to be of little importance in Croatia at the present 
time. 
Potassium leaching depends on intensity of its 
application, soil properties and climate conditions. 
Leaching occurs more in lighter than in heavier soils. 
Since potassium fertilizers are not used intensively 
in Croatia it could be assumed that its leaching in 
general is not considerable.
Developing cultivars for efficient N uptake from the 
soil and its use in the plant has been a plant breeding 
goal. Such cultivars grown on the soil with low N 
supply should (1) take N from the soil better and 
(2) give higher yield at a lower fertilization rate, in 
comparison to the less efficient cultivars. In Croatia 
much attention to the efficient N use has been paid in 
the tobacco breeding work. For a flue-cured tobacco 
yield of 2500 kg/ha the crop needs > 120 kg/ha of 
N, > 200 kg/ha of K2O and > 50 kg/ha of P2O5. For 
good tobacco quality, N from the soil must be used up 
until the beginning of flowering, whereas taking P2O5 
and K2O from the soil continues after that time. For 
that purpose tobacco breeding lines and hybrids were 
tested at two levels of nutrient supply; N-P-K = 40-
25-150 and 60-35-210 (Tab. 8). The genotypes which 
gave highest yield at the lower fertilization rate and 
still were good yielders at the higher fertilization rate 
were the ones selected for commercial production. 
Genetic variability for N-efficiency use was found in 
maize (Kozumplik and Pejiæ, manuscript) and some 
other species too. Extensive agriculture is usually a 
good test for more efficient N use cultivars.
SUCKER CONTROL AGENTS AND 
HERBICIDES
Tobacco is produced to be smoked and, its components 
nicotine and tar can affect health. Thus, by breeding 
and technology the nicotine and tar content has been 
modified in plant and in cigarette. One of the tobacco 
cultural practices is topping 
inflorescence and sucker growth control by sucker 
control agents. Some of these chemicals when present 
in the tobacco leaf above the allowed content can 
affect health too (Kozumplik i sur., 2000). Tobacco 
breeders select genotypes with less intensive sucker 
growth and those which have less need for the 
chemicals application. In this way sucker growth is 
controlled genetically rather than chemically. 
Breeding for resistance to herbicides has been little 
done by the Croatian plant breeders.
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Table 8. Agronomic traits of flue-cured tobacco after application of various quantaties of chemical fertilizers, Kutjevo, Virovitica, 
2002.
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PLANT BREEDING FOR ORGANIC 
AGRICULTURE
After the World War II plant breeding was aimed at 
obtaining cultivars for intensive agriculture based 
on use of large quantities of chemical fertilizers and 
chemicals for pest control to achieve high yields. Such 
varieties had to be suitable for storage too. Organic 
agriculture has become economically interesting 
to farmers, because of consumers’ requirements 
for healthy nutrition. Farmers who practice organic 
agriculture use cultivars developed mostly for the 
intensive agriculture. It is questionable whether 
such cultivars are suitable for organic agricultural 
production. Also it is questionable whether seed 
produced in the classical manner is suitable for 
the organic production. In that respect the food 
consumers’ expectations from the “ecological” 
cultivars, are that the variety product is healthy, 
aromatic and with flavor, or some unique type of the 
product. In breeding development of new cultivars 
classical breeding methods are used regardless of 
whether the cultivars are ment for classical or organic 
agriculture (FiblDossier, 2001). Characteristics of the 
cultivars for organic agriculture are:
1. adaptability to the local climate and dynamics of 
nutrition,
2. best possible efficiency of nutrients’ use, 
3. resistance or tolerance to pests,
4. good storaging ability,
5. good nutritious quality and appearance.
Thus, for organic agriculture basic breeding goal is 
developing cultivars efficient in taking nutrients from 
the soil, its “transportation” within the plant and its 
use in the plant. Such cultivars should be resistant 
or tolerant to most important pests and should not 
require chemical pest protection. The necessary 
genetic variability is available within the Croatian 
germplasm of most agricultural plant species and, 
it is possible to select cultivars among the existing 
ones for the organic agriculture. Organic or ecological 
agriculture has specific requirements regarding the 
seed production as well, i.e. seed should be produced 
under the organic agriculture conditions. In order 
to be completely in accordance with the organic 
agriculture requirements, both, cultivar and seed 
should be obtained under the organic agriculture 
conditions as shown in figure 1.
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Figure 1. Future plant breeding in the EU (Fibl Dossier, 2001)
1 Parent plants of annual crops have to be grown at least for 
one generation under organic conditions, while biannual plants 
and perennials have to be grown for at least two generations 
under organic conditions.
2 These are the demands of the EU Regulation 2092/91 until 
the end of 2003. By 2004 organic producers will have to use 
only organic seeds and vegetative multiplication material.
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